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The anatomy of the renin-secreting cell in adult polycystic
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The anatomy of the renin.secreting cell in adult polycystic kidney
disease. We used a human renin antiserum and an immunoperoxidase
method to investigate the distribution of renin-containing cells in 19
adult polycystic kidneys: 9 autopsy and 10 nephrectomy cases. These
cells were present in residual normal kidney, in scarred renal paren-
chyma and in areas of fibrous tissue, They were situated mainly in
juxtaglomerular apparatuses (JGAs) and in the walls of arteries and
arterioles. A semi-quantitative analysis showed hyperplasia of JGA
renin-containing cells in the untreated autopsy cases. In both groups
there was an abnormal distribution of renin-containing cells; only 50%
were located in the JOAs the remainder were mainly in the walls of
small arteries. These were often thin, attenuated vessels in the walls of
cysts. Cells containing renin were also found isolated in fibrous tissue
separate from the arterial tree. This abnormal location of the renin-
containing cells suggests that they may respond to different stimuli than
those in normal kidneys, and their abnormal distribution could affect
both the jntrarenal action of renin and also its release into the blood.
Adult polycystic kidney disease is an autosomal dominant
condition in which the renal parenchyma is replaced by multiple
cysts. These cause massive enlargement and distortion of the
kidneys and renal failure eventually ensues. Hypertension is a
common complication of polycystic kidney disease. Fifty to
70% of patients are hypertensive at the time of diagnosis [I],
and raised blood pressure occurs earlier than in other condi-
tions with an equivalent degree of renal failure [21. Also, 50% of
patients die of its complications—cerebrovascular accident,
rnyocardial infarction or congestive cardiac failure—rather than
renal failure [3]. The etiology of the hypertension of adult
polycystic disease is not firmly established but three possible
mechanisms have been suggested: a renoprival effect owing to
destruction of renal medullary interstitial cells [3]; sodium
retention with plasma volume expansion [1, 2,4—6]; and finally,
activation of the renin-angiotensin system due to compression
of renal vessels by enlarging cysts [1, 7]. In conditions where
hypertension is due to increased renin secretion by the juxta-
glomerular apparatus (JGA), there is usually hyperplasia of the
JGA renin-secreting cells at some phase of the process. Sur-
prisingly, there appears to be no previous study of the renin
secreting cells in adult polycystic kidney disease to support a
role for them in the genesis of hypertension.
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Standard staining with hematoxylin and eosin is of little value
for the definite identification of myoepithelioid cells, and meth-
ods such as Bowie's stain are non-specific. With the availability
of specific renin antisera, immunocytochemical techniques can
now be used to demonstrate renin in human kidneys and should
replace non-specific stains for the renin-secreting myoepitheli-
oid cells, We have raised an antibody to human renin purified
from cadaver kidneys [8], and using an immunoperoxidase
technique we can reliably detect immunoreactive renin in
human kidney [9, 10]. Since we could find no previous morpho-
logical studies we decided to use this method to study the
anatomy of the renin-containing cell in adult polycystic kidney
disease.
Methods
Cases of adult polycystic kidney disease were retrieved from
the files of the Department of Pathology, Western Infirmary,
Glasgow from 1960 to 1986. All tissues had been fixed in neutral
buffered formalin and embedded in paraffin wax. Three micron
sections were cut and stained with hematoxylin and eosin,
Martius Scarlet Blue and periodic acid-Schiff. Adjacent sec-
tions were used for imniunocytochemistry. In two cases 50
serial sections were stained for renin and every section exam-
ined. To obtain more precise anatomical relationships of the
renin-containing cells, selected sections were stained for renin,
then counterstained with periodic acid-Schiff.
Immunocyto('hemistry
Renin was completely purified from normal cadaver human
kidneys [8]. The antiserum was raised in rabbits by a standard
method [11]. This antiserum reliably detects renin in human
kidney fixed in formalin and embedded in paraffin wax, giving
an identical staining reaction to another well-characterized
renin antiserum and to two monoclonal antibodies to human
renin [10]. The renin antiserum was diluted to 1/1000 and
incubated on the sections for 14 hours at 4°C. The antibody
binding was revealed by the peroxidase-antiperoxidase method
as previously described [9].
Distribution of renin-containing cells
Between one and seven sections (mean 3) from each case
were stained for renin with the immunoperoxidase technique.
The slides were examined by two observers and the location of
all cells containing immunoreactive renin was noted. The
position of each renin-containing cell was assessed: those at the
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Fig. 1. Surgically excised kidney showing a glomerulus (A), smallarteriole (B) and inter/obular artery (C), all with renin-containing cells. (Human
renin antiserum, PAP reaction; interference contrast microscopy; (A) x 350, (B) (C) x 400)
Fig. 2. Renal parenchyma from an area of mild scarring showing a glomerulus which contains a normal number of renin-containing cells at the
JGA (A). Also present are another arteriole and an interlobular artery (I) with renin-containing cells located externally in their walls as in Fig. I.
(Autopsy kidney; renin PAP; interference contrast x 200)
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Fig. 3. A glomerulus showing hyperplasia of renin-containing cells at
the JGA with extension along the afferent arteriole. (Autopsy kidney;
renin PAP; interference contrast X 200)
vascular pole of a glomerulus were attributed to a JGA while
those on an artery or arteriole which had no glomerulus in the
vicinity were categorized separately as being associated with an
artery.
Quantification of renin-con taming cells
The number of glomeruli on each section was counted, and
the percentage showing positive staining for renin at the vascu-
lar pole calculated, To assess whether the JGAs were hyper-
plastic, the number of positively-staining cells at each JGA on
the section was also recorded. As before [12], we used the
criteria of Nochy et al [13] and classified JGAs which had more
than six renin-containing cells visible in a single section as
hyperplastic. The hyperplastic JGAs were expressed as a
percentage of all glomeruli. The number of renin-containing
cells associated with arteries was also recorded.
Results
Clinical details
We studied 19 cases of adult polycystic kidney disease, 10
nephrectomy specimens and 9 autopsy cases. The autopsy
group was comprised of five male and four female patients, with
ages ranging from 39 to 65 years. The weights of the kidneys
from these patients ranged from 300 g to 2000 g. All but one of
the patients were hypertensive. Urea levels were available in
eight cases, and varied from 30 mmol/liter to 80 mmol/liter;
creatinine levels were not available. The cause of death in four
cases was renal failure; two patients sustained myocardial
infarctions, two died from subarachnoid hemorrhage, and one
of carcinoma of the stomach. None of the patients in this group
had been treated by hemodialysis.
The surgical specimens came from a group of eight women
and two men whose ages ranged from 42 to 65 years. Six of
these patients were being treated by hemodialysis and two had
already received renal transplants. None of the patients in this
group had raised blood pressure in the immediate preoperative
period, although one patient was receiving antihypertensive
drug therapy (bumetamide and atenolol). Two other patients
had required treatment with methyldopa prior to hemodialysis.
Blood urea ranged from 4.1 mmol/liter to 33 mmol/liter in this
group of patients. Kidney weights ranged from 1650 g to 3300g.
Histology
Sections from all 19 cases showed histological features typi-
cal of adult polycystic kidney disease. Numerous cysts of
varying sizes were present within the kidneys. Some, particu-
larly smaller cysts, had a lining of cuboidal cells. The larger
cysts, however, were lined by a layer of flattened cells, and had
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Fig. 4. A sclerosed, obsolete glomerulus with marked hyperplasia of
renin-containing cells at its vascular pole. They extend into the fibrosed
tuft in a mesangial distribution. (Autopsy kidney; renin PAP; interfer-
ence contrast x 500)
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Fig. 5. A thin-walled arteriole located in fibrous tissue in the wall of a cyst. Several renin-containing cells are located in the wall of the vessel.
A related fibrosed nodule (arrow) represents its sclerosed glomerulus. (Autopsy kidney; renin PAP; interference contrast X 200, inset x 400)
a fibrous-tissue wall. Cysts were present in all areas of the
kidney, medulla and cortex. There was scarring of the kidney
parenchyma with sclerosis of glomeruli and tubular atrophy,
but areas of surviving normal renal parenchyma remained. Less
constant features were cholesterol clefts, hemosiderin deposits
and a patchy lymphocytic infiltrate probably related to hemor-
rhage and infection. In one case there was acute pyelonephritis.
The autopsy and surgical groups showed similar histological
features.
Renin immunostaining
Positive staining for renin was present in renal cortical tissue
in both autopsy and nephrectomy specimens. The quality and
pattern of staining was identical in both types of specimen
(Figs. 1, 2). We identified cells with immunoreactive renin in
three situations.
Residual normal kidney. In the histologically normal renal
tissue renin-containing cells were mainly in the JGAs at the
vascular pole of the glomerulus. The number of renin-positive
cells in each JGA varied; many normal JGAs showed only a few
positive cells (Fig. 2) or none at all, while other JGAs showed
hyperplasia of renin-containing cells. Hyperplastic JGAs often
contained up to 20 positive cells identifiable in a single section.
In some cases renin-containing cells extended proximally along
the afferent arteriole for a distance of up to 100 (Fig. 3).
Renin-containing cells were also easily identifiable in the wall of
some efferent arterioles. Small arteries with no immediate
association with a glomerulus also had renin-containing cells in
their walls. These vessels varied in size, but the largest vessel
containing a renin-positive cell was an interlobular artery. The
renin-containing cells were predominantly located in the vessel
media in a subadventitial position.
Scarred kidney. This was defined as fibrosed kidney with
some identifiable residual renal tissue. It varied from almost
normal renal parenchyma with some interstitial fibrosis (Fig. 2),
to more extensively scarred areas with many scierosed glomer-
uli and only a few atrophic tubules. In these areas of scarred
parenchyma renin-containing cells were identified in JGAs, in
arterioles and also sometimes in other artery walls, a distribu-
tion corresponding to that in the areas of normal kidney.
However, renin-containing cells were also often present at the
vascular poles of sclerosed glomeruli. Indeed, some of these
JGAs showed hyperplasia of renin-containing cells. These were
present not only in the glomerular arterioles but also within the
glomerular tufts, which were often reduced to a fibrous ball
(Fig. 4). These glomerular renin-containing cells were some-
times present in a mesangial distribution (Fig. 4).
Fibrous tissue. This was defined as an area of fibrous tissue
where there was no recognizable renal tissue. These areas were
often surrounding cysts. In the fibrous tissue renin-containing
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Fig. 6. A thin-walled arteriole located in a
hand of fibrous tissue separating two cysts.
Two renin-containing cells (arrows) are
present in its wall. (Autopsy kidney; renin
PAP; interference contrast x 500)
Table 1. Proportion of renin-containing and hyperplastic JGAs in
adult polycystic kidney disease
JGA+ % JGA-i-+%
Mean SE
Autopsy cases 29 9 6 1.8
Surgical cases 6 2.5 0.2 0.1
JGA + % = JGAs with renin positive cells
Total number of glomeruli
x 100
JGA ++ % = JGAs with >6 renin positive cells
Total number of glomeruli
>< 100
cells thick. Serial sectioning failed to reveal a communication
with a glomerulus in many of these vessels, but some were
clearly attenuated afferent arterioles (Fig. 5). Study of serial
sections also showed renin-positive cells which were not con-
nected with the renal arterial tree. These were in groups in
fibrous tissue (Fig. 7).
Fig. 7. Plump renin-containing cells are isolated in fibrous tissue in
scarred renal parenchyma. Examination of serial sections showed no
relationship with the renal arterial tree. (Autopsy kidney; renin PAP;
interference contrast >< 500)
cells were usually in the walls of small arterioles. These were
long thin vessels, often closely related to the cyst walls (Figs. 5,
6). They had a smaller diameter than normal glomerular arteri-
oles, and possessed medial smooth muscle often one or two
Semiquantitative analysis
The tables shown (Tables 1 and 2) give the results of a
semiquantitative analysis of renin-containing cells. Most of the
autopsy kidneys contain hyperplastic JGAs, and in both groups
there is an increased proportion of renin cells on arteries.
Discussion
Immunocytochemical staining is a better way of identifying
renin-containing granular myoepithelioid cells than non-specific
granule stains l4I. In this study we have for the first time used
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Table 2. Distribution of renin-containing cells between JGAs and
arteries in adult polycystic kidney disease
Total
JGAs
number of
RCC
Arteries
Mean number RCC per
section per case
(Mean SE)
JGAs Arteries
Autopsy cases 1497 1192 78 33.0 55 13.3
Surgical cases 88 186 2.2 0.6 5.8 3.0
this technique to study the distribution of renin-containing cells
in adult polycystic kidney disease. We have shown previously
using another well characterized human renin antiserum and
two monoclonal antibodies that the staining results achieved
with our renin antiserum can be confirmed [10]. We studied
autopsy kidneys and surgically excised specimens. Other work-
ers have successfully detected a variety of antigens in autopsy
tissues [15, 161, and we have previously used immunocyto-
chemistry to demonstrate renin in tissue obtained at autopsy
[17]. In this study also, the autopsy kidneys showed discrete
renin staining of an identical nature and pattern to that in the
surgical specimens.
In the normal parenchyma of the polycystic kidneys we found
hyperplastic JGAs containing between six and twenty renin-
containing cells on a single section. Immunocytochemical stud-
ies of normal human kidney have shown that the normal JGA
contains six or less renin-containing cells on a single random
section [12, 13, 181. When there is a chronic stimulus to
increased renin output a greater proportion of JGAs contain
renin: there is also an increase in the number of renin-contain-
ing cells at each JGA [19].
In the normal human kidney only occasional renin-containing
cells are present in the arterial tree distant from the glomerular
vascular pole; these are in the proximal afferent arteriole and
the interlobular artery [19]. Chronic stimulation of renin pro-
duction leads to an increase in the number of renin-containing
cells associated with these vessels until, in states of marked
excess renin secretion such as renal artery stenosis, there may
be a continuous extension of renin-containing cells proximally
along the afferent arteriole and into the interlobular arteries
[19]. This feature was demonstrated in three of our cases of
polycystic kidney disease.
We have shown that in adult polycystic kidney disease, as in
the normal human kidney [19, 20], the largest vessels with
renin-containing cells were interlobular arteries. In the scarred
areas of polycystic kidneys we found that the renin-containing
cells persist although their glomerulus has been replaced by a
fibrous scar and its nephron has atrophied. This confirms the
histological observations of Goormaghtigh [211 and those of
other workers using immunocytochemistry [201. Hence loss of
nephrons does not ipso facto mean diminution in numbers of
renin-containing cells. Therefore, we suggest that our finding of
hyperplasia of JGA renin-containing cells is not simply due to
compensation for loss of kidney tissue. Our finding of mesangial
renin-containing cells in obsolete glomeruli is in accord with the
work of Dunihue and Boldosser [22] who showed that mesan-
gial cells can undergo metaplasia to myoepithelioid renin-
secreting cells.
In scarred areas we also found abundant renin-containing
cells in the walls of abnormal arterioles. Often these arterioles
were within cyst walls and serial sectioning showed no commu-
nication with a glomerulus. They were excessively long, and
since their media comprised only one or two layers of thin
smooth muscle cells, they appeared to be atrophied. In human
kidneys glomeruli may atrophy and disappear leaving the
afferent and efferent arterioles in continuity [23], a mechanism
which forms arteriolae recta spuria. Hence it is possible that
some of the arterial renin-containing cells on these abnormal
arteries may have originally been in a JGA.
In some areas of fibrous tissue we found renin-containing
cells in connective tissue separate from the arterial tree. A
similar finding by others in a case of segmental renal hypoplasia
[24] was not confirmed by serial sectioning. There are two
possible mechanisms for the appearance of interstitial renin-
secreting cells: they could be derived by metaplasia from
pre-existing cells in the interstitium; and they could also result
from the end-stage of atrophy. The renin-containing cells are
externally situated in the walls of the arteries in human kidneys
[19]. Therefore, the disappearance of the atrophied vessels
stretched by the cysts could leave their externally situated
renin-containing cells isolated in the fibrous tissue.
In adult polycystic kidney disease it has been postulated that
distortion of arteries by expanding cysts may stimulate renin
production [1, 7], and there is morphological evidence for
compression of renal parenchyma by cysts in adult polycystic
kidney disease [25]. This view is supported by the well-
documented cases of solitary renal cysts causing high-renin
hypertension which has been cured by cyst decompression [26,
271. Unfortunately, these cases had no histological study. Our
anatomical findings of renin-containing cells in attenuated ar-
teries in the walls of cysts suggest that cyst expansion could
similarly cause the hyperplasia of renin-containing cells in
polycystic kidney disease by means of raised intrarenal pres-
sure, focal ischemia, or stretching of arteries around expanding
cysts. Our anatomical observations might therefore support an
etiological role for renin in the hypertension of PKD.
Plasma renin levels have been measured in patients with adult
polycystic kidney disease [1, 4, 5, 281. Although often normal,
plasma renin levels were higher than might be expected in a
volume-loaded population [1, 5]. Our autopsy group of polycys-
tic kidneys had greater numbers of renin-containing cells than
the nephrectomy cases and more of these patients were hyper-
tensive. Unfortunately plasma renin levels were not available in
our retrospective series, nor were sufficient clinical data avail-
able to allow a correlation of level of blood pressure with
quantity of immunostainable renin present in the kidney. Also,
all of the nephrectomy cases had been subjected to hemodial-
ysis prior to nephrectomy and two had received transplants,
while in the untreated autopsy cases the terminal illness could
have affected the number of renin-containing cells. It is there-
fore not possible to be sure of the number of renin-containing
cells in the untreated end-stage adult polycystic kidney. How-
ever the distribution of renin-containing cells was similar in
both groups.
The results of this study demonstrate that in polycystic
kidney disease there is a striking alteration in the distribution of
renin-containing cells within the kidney. In the normal kidney
most renin-secreting cells are in JGAs. We have shown that in
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polycystic kidney disease, about half of these cells are situated
on arteries. This observation is true of both autopsy and
surgical specimens. Since these cells on arteries are deprived of
a macula densa it is clear that their balance of stimuli, and
perhaps their responsiveness, will differ from those in a JGA. In
normal kidneys it is likely that renin is released from the
myoepithelioid cells into the interstitium; some then gains
access to the blood via lymph, but the majority enters the
circulation via peritubular capillaries [29]. The abnormal situa-
tion of the renin-containing cells, often embedded in connective
tissue, may therefore affect renin release into the blood. An-
giotensin II is generated within the kidney [30] and a recent
symposium has highlighted the increasing interest in this local
action of renal renin [31]. We suggest that the abnormal
anatomy of the renin-containing cells in the adult polycystic
kidney may affect both the intrarenal action of renin and also its
access to the blood.
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